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2. Independent LED to GED transfer

\ 4. Spacecraft
/ / Characterization,
Rendezvous, Servicing

>

-
L e ':'1:."13--'1

.'tuuple high spgﬂtifi: puy}:ieﬁiwltm with elg:lri:
propulsion for persistent mohility, high residun

| — : _
phwer for numerous i:_ppli:uiigng ‘\( - ® L '

System Attributes

- Responsive
- Capahle

* Rendezvous, serviting, repositioning
* Persistent

- Flexible
3. GED repositioning

* High moanevverability -

* Accommodates multiple payloads types \ i

* Accommodates high power payloads '
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Whut is FAS F*

" Technology Develnpmenl Prngrum
— High Power Generation 5uhsystem (HPGS)
— Delivers very high specific power: 130 W/'kg (HPGS only), 40 W/ kg (spancecruft)

— 20 kWe total (EOL) for demo, should prove out scalability to higher power; 50-80
kWe or more envisioned for operational system

" Phase 1

— Develop 130 W/ kg, 20 kWe HPGS preliminary design
— Performance simulation of complete HPGS

* Address sun pointing and tracking effects on performance

— Complete ground demonstration test plan in a relevant environment, to indude
all elements of the high power generation subsystem (HPGS):

* Solar concentration e Structures
* Solar collection

* Power tonversion and * Deployment devices

* Power distribution * Sun pointing

* Heat rejection * Sun tracking capahility

— Assess HPGS interfuces with prospective payloads and propulsion systems.

" Phuase 2

— Fabriwtion, assemhly and end-to-end testing of the prototype HPGS in o relevant
(l.e., simulated spuce) environment.
FAST




Current on-orhit power system
performunce
— = 3 W/ kg (spacecraft)
— Planar arrays with solar cell
efficiencies of up to 25%
— H5702: First halting attempts at
contentrators (< 1.8:1 (R)

— low voltuge (28 V) power
distribution, heavy harness

Current propulsion system
performuance
— Most systems vse chemical mono-
and hipropellants, some vse low-

power ion and Hall thrusters for
stationkeeping (< 50 m/set/year)

Where would we have to mature
SOTA to in order to he vseful?
— 40 W/ kg™ permits 50 kWe, 1,250 kg
system to move LEQ-GEQ in 30 days

— 40 W/ kg™ allows 50 kWe system to

perform 180 degree transfers in GEO
helt in under 7 days
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B Seedling showed positive results at 40 W/kg (spacecraft)
— Allows fust trunsfers LEO-GEO, rupid repositioning cupubility in GEO

" FAST will drive the high power generation subsystem state of
the art to|130 W/kg | (HPGS only)

Solar power collection elements, including concentrution elements
Solur power conversion elements

Electrical power munugement and distribution systems, ussuming
payloud line voltuge requirements of no less thun 100 V

Heut rejection elements required to dissipute wuste heut produced in
the conversion of sunlight to electricity in the spuce environment

All supporting structures, including pointing und deployment
mechunisms und sensors

" Demonstrate a 20 kWe (EOL) architecture that can scale up to
80 kW at 130 W/kg

FAST
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A revolutionury upproach to uchieving high power—uand thus
significanfly increased mobility—in all orbits, LEO-GEQ

Approath: Large, low areal density contentrating arrays and
small solar cell punels replace heavy 50TA puanels.

Electrical Power Produchon
Depleyable concentrater (< 0.5 kg,/m*)
High cencendration ratic (40:1 4 100:1)
30 kWe ot 30% pheteveltaic cell efficiency
40 W /kq spacecraft specrhc puwe; [>10x SOTA)

Propulsion
High I, elechric thrusters (e.g., HET)
Lew prepelland mass 4

Spacecraft [operational version| j .
1,250 kg wet mass in LED
920 kg # GEO in vnder 30 days
50 kW for paylead cperations

-Spacecraft [proposed demonstrator | -
570 kg wet mass n LEQ (Faleon |L'MIHOTAUR laund)
420 kg in GED in under 30 days
20 kWe for paylead operatiens, 10 GED rephase moves
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FAST “First Responder™ ‘ " Servitding (“OE on Steroids” )
' — Builds on Orhital Express legucy

’f\ — Intorporates FREND legacy spacecraft docking and
J'!t"_. servicting features

"q , . | — Any spacecraft could he serviced/bhoosted/

repositioned

B Client Vehicde Charaderization

" /‘\ — Can perform long-standoff client characterization
- .:I!I __ : with high-power (50-80 kWe) radar, lidar
A L

— Can fransition to proximity operations for more
detailed cwstomer vehicde diagnosis

¢

"  Rapid Response

— Rupid manevver in high orhit permits the First
Responder to approach and diagnose client asset

FREND legacy spacecraft anomalies

servicing front end

Compelling missions in high orbit demand new power
and propulsion capabilities
FAST Alrpranad for Prihle Selegse-tleirlniian Valimtie



FAST

Concentrators, PY arrays, radiators,
Power Mgmt/Distribution, and thruster
subassemblies tan he traded to reduce

overall system risk

Key challenge is system-level integration
and performance charaderization of these

elements

— Deployment of tconcentrator and radiator

assemblies

—  Predision sun-pointing and tracking

= Thermal and electrical interfaces between

power system elements

—  Dynamic disturbances during translation

— Comprehensive thermal modeling of FAST

and spacecraft

Validation will occur at FAST system level
in relevant environment (thermal high
vacuum, with collimated solar source and

integrated propulsion)
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FAST

Lightweight Solur Energy Concentrution
—  Solar radintion: 1352 W/m? (earth orhit)
— Low areul density (< 0.5 kg/m?)

— Requires predsion deployment of large
stowed structure

— Cells must survive high flux (40:1 to 100:1)

and possihly elevated temperatures

Thermul Mungement System

— High power = high heat rejection

— At 50 kWe and 30% efficiency, 120 kWt of
waste heat must he rejected at low temp

— HNH, pumped loops are heavy, complex

— Alternatives include advanced technology
heat pipes and lightweight C-C radiator
fins at operating temperatures > 250 €

Power munugement/distribution
— High voltage PMIAD, high temp electronics

— Low weight, broad power range
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" Key Requirements
— High specific power
— Puackage-able for small to medium
tlass launch wehicle

— Lightweight / large collector area

————
" Derived characteristics
— Stowahle / deployable
— Concentration ratio (40-100:1)
— Heat rejection
— Pointing (< 2 deg/uxis)
g
"  Technology options
— Rigid, deployed punels
— Inflatable torus

—  Stretched lens array

FAST
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" Phuse 1 — HPGS Preliminury Design {(~6 months)

— Preliminary HPGS design complete, incduding end-to-end ground test demonstration plan
* Specific Power = 130 W/ kg
* Total Power = 20 kWe

— Simulafion of HPGS performance including solar concentrator, power conversion, heat
rejection, strocture and deployment, plus sun pointing and tracking effects

— Assess HPGS interfuces with prospective payloads and propulsion systems
" Phuse 2 — HPGS Ground Testing (~12 months)

— Perform integrated power system ground testing to demonstrate power collection,
generation, and heat rejection (PCGR) in representative environment and duration (30
days)

— Design meets
* Specific Power = 130 W/ kg
* Total Power = 20 kWe
* Solar concentrator areal mass of 0.5 kg/mt

* Radiator areal mass of 1.0 kg/m?
— Show design can scale to 80 kWe (or greater)
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"  Funding
— Woe expedt to fund multiple parties through PDR, then downselect to one
contractor (this contractor will build and test the HPGS)

" Events
— FAST Industry Day 02 0«1 07
— BAA Release 05 0 07
— Proposals Due 04 Dec« 07
—  Awardi(s) March 2008
FYD7s FY03 FY09 FY10 FY11 FyY12 FY13
o1 G2 63 0401 G2 03 0401 02 03 04|01 0203 0401 0263 0401 02 03 o4]01 02 63 o
Preliminary Design / Technof Waturation (18 months)
Proposals (i)
Due  Awarg Test

AL

FAST

Notional Spacecralt Demonstration {TBD)
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" Extremely limited ut present

— ost onhoard propulsion vsed for drag compensation,
stutionkeeping, some rephasing in GEQ [e.g., life-limiting
D5C5 move during 1991 Desert Storm campuign)

— Eledtrical propulsion proven on-orhit for reaction control,
some stationkeeping

— Insufficient power to use EP as orhit transfer system

" Example: Orhital Express
OE: 492 km, 46° . -
was "sparse’ — Two mujor objections from AF, NRO

eperatienal orbit * System cannot service legacy spacecraft
* System ctannot reach objecds of interest (insufficient mohility)
= FAST chunges the equution
— Combination of high delta-¥ (> b km/sec) und high power
allow FAST-enabled s/« to:

* Launch to LEQ and mowve to GEQ (6 km/sec) in one manth or
less

* MNumerous 180 degree rephusing manevvers in GEQ, one
week per move or less (< 100 m/'s)

* Coan move between any sun-synchronovs orbit between 300

and 5,000 km (inclinations of 96 — 1387
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